Rice straw was used for preparation of activated carbon using chemical activation by impregnation with concentrated H 3 PO 4 followed by pyrolysis at 500 º C for 2h. Physicochemical properties were investigated by several procedures; elemental analysis, scan electron microscope and porosity characteristics. Batch experimental mode was applied for adsorption and biosorption studies. A matrix effect analysis is applied to correlate the lindane adsorption or biosorption capacity to the agitation time, initial levels of lindane and carbon dose or biosorbent concentration. The Scanning Electron Microscope images equipped with Energy-dispersive X-ray reflect the enhancement of thermo-chemical activation by H 3 PO 4 in increasing the porosity of AC. Sorption behavior of Lindane by Activated Carbon (AC) and Phanerochaete chrysosporium, respectively have been studied to compare the obtained results in order to consider cost effective method for agriculture wastewater treatment. The adsorption capacity and distribution coefficients were determined for the adsorption system as a function of sorbate concentration. Under the studied concentrations, the adsorption of lindane by AC and its biosorption by Phanerochaete chrysosporium match to Langmuir as well as Freundlich isotherms. Afterword, adsorption and biosorption behavior was assessed by calculation of constants for each isothermal model. Finally, Biosorption of Lindane by Phanerochaete chrysosporium showed higher and faster removal compared with AC derived from rice straw.
Introduction

Activated carbon (AC) adsorption has been cited by the US Environmental Protection
Agency (US-EPA) as one of the best available environmental pollution control technologies (US-EPA, 2012) due to its cost effectiveness (Kadirvelu et al., 2005) . US-EPA stated that AC is needed to control mercury or dioxin and furan emissions. AC is widely used as adsorbent either in liquid or in gas phase (Sivakumar et al., 2012) . Synthesized resin, wood, coal and agriculture waste are the most common sources for carbon production with high adsorption capacity that can be used for particular purpose after its activation either chemically or physically (Abdul Khalil et al., 2013) .
The physical properties of the prepared AC is dependant up on typing of starting materials from which carbon is prepared as well as method and conditions of preparation .
Agriculture wastes are widely used as source for AC preparation. The most common raw materials used for the production of AC are rice husk (Guo et al., 2005) , grape seed (Özçimen and ErsoyMeriçboyu, 2009 ), waste tyres (Lopez et al., 2009) , date stones (El-Kady et al., 2013a,b) , hazelnut shell (Demirbaş et al., 2002) etc. AC prepared from rice husk is used for removal of several pollutants from water such as dyes (Rahman et al., 2012) and heavy metals (Singh and Singh, 2012 ).
Unlike metals, many organic compounds released into the environment are degraded by natural microbial populations, and such biodegradation potential is the basis of many established and emerging treatment processes (Fomina and Gadd, 2014) .
Biosorption has been promoted as a potential biotechnology for removal of organic substances from waste streams and effluents.
One of the highly persistent organochlorine is lindane (γ-hexachlorocyclohexane), which used in agriculture and medicine to world level.
Acceptable concentration level of pesticides in drinkable water was tightened following the introduction of new standards for drinkable water. The amount of a single pesticide can't exceed 0.1µg/l while the sum of all pesticide concentrations must not exceed 0.5µg/l (Ignatowicz, 2009) .
A set of requirements established to select the most promising types of biomass from large pool of readily available and inexpensive biomaterials. In this respect, the biosorbent should be available in low-cost and could come from industrial wastes, which are available at low cost; the organisms easy to obtain in large amount and can be grown easily for biosorption (Park et al., 2010) .
Reports are available on biosorption of lindane by some gram positive and gram negative bacteria, e.g., Escherchia coli, Bacillus subtilis and adsorption of lindane onto humic acid parenthesis a natural organic matter of soil (Ju et al., 1997 , Prosen et al., 2002 . Lindane firstly contacts the extra-mycelia surface before being degraded or adsorbed. The interaction process on the mycelia surface has potential effects on degradation, bioavailability, and absorption of organic pollutants in soil and then conducts detoxification. Especially, biosorption covers a number of metabolism-independent processes, including physical and chemical adsorption, complexation, chelation, and microprecipitation in the cell wall (Aksu, 2005) . Furthermore, the genetic development of new strains using mutagenesis for increasing the rate of the biosorption processes are applied by Yavuz et al. (2006) , Khattab et al. (2010) and Khattab et al. (2012) .
Among the various adsorbent systems available, the fungal biomass of Phanerochaete chrysosporium has been used as inexpensive and effective adsorbent for the removal of pesticides from aqueous solutions. On the other hand, the adsorption process using activated carbon remains the most widespread technique since it can remove all types of organic and inorganic pollutants from water. Accordingly, the main aim of this work is to study the uptake of lindane by AC derived from rice straw in comparison with its biosorption by Phanerochaete chrysosporium under optimum conditions and the isothermal models for both adsorption and biosorption methods should be studied. 
Materials and Methods
Certified standard of lindane (γ-HCH)
Preparation of AC derived from Rice straw
Rice straw was selected as carbonaceous raw material for the production of activated Based on previous studies, it is stated that the maximum values of BET surface area and iodine adsorption capacity of rice straw achieved by the pyrolysing at 500 o C which is chosen based on previous studies (Liou and Wu, 2009 ). This is because the reactants are only partial carbonized when the activation temperature is lower than 500 o C. As a result, the pores may not fully develop, decreasing the surface area.
However, at high temperature greater than 500 o C, violent gasification reactions may cause a part of the micropore structure to be destroyed by collapsing or combining together (Oh and Park, 2002) . As a result, decreasing microporosity leads to an increase in mesopore volume. The surface area and adsorption capacity decrease when the reaction temperature exceeds 500 o C (Guo and Rock straw, 2007) . Moreover, the carbon yield for H 3 PO 4 activation decrease as reaction temperature increases because by increasing of reaction temperature, the gasification becomes severe and ultimately leads to a reduction in the yield (Liou and Wu, 2009 ).
Characterization of sorbent agent
The carbon, hydrogen, nitrogen and sulfur analyses of activated carbon derived from rice straw were analyzed for element contents using CHNS elemental analyzer (Thermo Electron Flash EA 1112). The surface topography of the AC. was carried out using scanning electron microscope (SEM). The porous structure parameters were determined from nitrogen adsorption isotherms measured at 77 K with NOVA 2200 Gas Sorption Analyzer 
Adsorption isotherms
To investigate the effect of initial concentrations on the kinetics of the investigated pesticides, one hundred ml of 1, 4, 6 and 8 mg/l lindane was placed into 250 ml Erlenmeyer flask and incubated with 100 mg of AC. The optimum shaking time was selected based on the equilibrium study. The mixture was agitated using a shaking water-bath at 100 rpm.
The amount of adsorption at equilibrium, Q e (mg lindane/g AC) was calculated using the following mass balance equation 2:
Where C o and C e (mg/l) are the liquid-phase concentrations of lindane at initial and equilibrium; respectively; V is the lindane solution volume (l) and m is the adsorbent mass (g).
Conditions of lindane adsorbabilities
To study the effect of carbon dosage on the retention of lindane from aqueous solution, three initial levels of carbon (50, 75, and 100 mg)
were incubated with different concentration levels of lindane (1, 4 and 8 mg/l) in 100 ml of aqueous solution at 25 ±1 o C. The mixtures were agitated using a thermostated shaker waterbath at 100 rpm for 50 min (equilibrium time).
To study the influence of temperature on the adsorption capacity against lindane from aqueous solutions, the same procedures were For biosorption studies, the uptake of lindane were calculated based on the density of aqueous solution is 1.
Extraction of lindane from aqueous solution
Extraction of lindane residue from aqueous solution was carried out using Solid
Phase Extraction column (EVNI-18 SPE) through three main steps: (I) conditioning, the column was activated using 6 ml of hexane: diethyl ether (1:1) two times followed by 6 ml of methanol and then 6 ml of deionized water. (II) Sample extraction, the sample was transferred to the column and slowly passed through SPE using vacuum at flow rate of 10 ml/min. The column was dried for 10 min under vacuum and lindane residues were eluated two times using 1.5 ml of hexane: diethyl ether (1:1). The eluate was evaporated under steam of nitrogen to 1.0 ml to be ready for analysis. Lindane concentrations will be determined using Agilant 6890 HP gas chromatography using FID detector.
Results & Discussions
Characterization of AC derived from rice straw
The porosity and specific surface area (S BET ) of AC are given in Table 1 The C, H and N contents for the activated carbon derived from rice straw accounted for 36.4% of the total weight (w/w) (Table 1) .
However, the ash content is very high since it constituted 52% of the activated carbon (mainly silica). This finding is in accordance with Baxter 
Effect of contact time
The of the understudied sorbent (Ibrahim et al., 2010) .
Langmuir isotherm shown in equation ( Table 2 .
According to the Q parameter shown in Lindane molecule expected to pass through the channel of AC in the hydrated form surrounded by water molecules (Leinonen and Lehto, 2001) . Also, the charge density of adsorbed matter, the diameter of molecular sorbet have a great effect on adsorption either it is physical or biological. Since, higher adsorption of Phanerochaete chrysosporium than AC was recorded because of its higher surface area than that of AC (Jamil et al., 2011) . 
Freundlich isotherm
On opposite to Langmuir equation that assumes a monolayer capacity, Freundlich isotherm prove the adsorption or biosorption equilibrium on heterogeneous surfaces (Prasad et al. 2008, Rao and Viraraghavan, 2002) . Through that isotherm, the surface heterogeneity and the exponential distribution of active sites and their energies are extensively expressed. Freundlich isotherm shown in equation (5) n values for biosorption and adsorption were 3.08 and 1.53 respectively as shown in Table   3 . These results showed that biosorption of lindane by Phanerochaete chrysosporium is much better than its adsorption by AC since, n values is between 2 and 10 as mentioned by Erdem et al. (2004) . Meanwhile, 1/ n values are less than 1 either in biosorption or adsorption i.e value of n is greater than unity, indicating that adsorption intensity is favorable at high concentrations. There is no prediction for any saturation of lindane by adsorption or biosorption. Accordingly, multilayer adsorption on the surface is expected due to mathematical prediction of infinite surface coverage (Hasany et al., 2002) .
Finally, it can be concluded that
Freundlich isothermal model is more fit experimentally than the Langmuir isotherm. Also, these results gave attention to the heterogeneity of the sorption sites either in biosorption or adsorption (Ibrahim et al., 2010) . 
